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Abstract 
 

People have become aware of the need to protect different ecosystems 
and to evaluate the damage caused by human activity. Acinetobacter 
calcoaceticus BD4 was isolated from coastal area of Mumbai by 
selective enrichment technique. Hydrocarbon substrate (engine oil) 
was used as a carbon source (1% v/v). The GC/MS analysis was 
performed using a MS 5973 spectrometer coupled to 9 Hewlett 
Packard model 6890. Among the isolated microorganisms this strain 
was identified by 16s rRNA sequencing and it was able to degrade, 84- 
86% of 4T engine oil. At the end of the experiments, GC Analysis 
showed significant differences in the composition of hydrocarbons in 
Engine oil. 
 
Keywords: A. calcoaceticus BD4, MSM, GC/MS, Hydrocarbon 
substrate. 
 
 

1. Introduction 
Most bacterial polycyclic aromatic hydrocarbon degraders have been isolated from 
contaminated (terrestrial or marine) environments (Ashok et al., 1995; Schneider et al., 
1996; Dagher et al., 1997; Aitken et al., 1998). Many microbial strains capable of 
degrading a specific compound are available commercially for bioremediation (Song et 
al., 1990; Bragg et al., 1994; Korda et al., 1997). However oil sludge is a complex 
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mixture of alkane, aromatic NSO (Nitrogen, Sulfur, Oxygen, containing compounds) 
and asphaltene fractions. A single bacterial species has only limited capacity to 
degrade all the fractions of hydrocarbons presents (Dibble and Bartha, 1979; Bossert 
and Bartha, 1984; Bartha, 1986; Loser et al., 1998). Recently, out of twelve bacterial 
phenol-degraders isolated from different Egyptian ecosystems, four are closely related 
to Acinetobacter (Abd-El-Haleem et al., 2002). One of these has been used in two 
different environmental application studies (Abd-El-Haleem et al., 2002c; Beshy et al., 
2002). Other xenobiotic compounds such as toluene (Zilli et al., 2001), 4-
hydroxybenzoate (Allende et al., 2000), 2-chloro-N-isopropylacetanilide (Martin et al., 
1999), 4-hydroxymandelic and 4-hydroxy-3-methoxymandelic acids (Rusansky et al., 
1987), benzoic and p-hydroxybenzoic (Delneri et al., 1995), 4-chlorobenzoate 
(Adriaens and Focht, 1991) and 3-chlorobenzoic acid (Zaitsev and Baskunov, 1985) 
can be metabolized to their corresponding benzoates by various Acinetobacter strains.  

 In the present investigation enrichment culture technique was used and it selects 
only those indigenous microorganisms that have been especially acclimated to degrade 
hydrocarbons, so it was necessary to characterize the biodegradation potential for 
individual isolates. For this reason, each isolated microbial strain was submitted to a 
preliminary batch flask test experiment for detailed investigation of hydrocarbon 
utilization. The structure of a compound is important in determining its 
biodegradability. Generally, straight chain alkanes are degradable more readily than 
branched alkanes. In order to investigate the capabilities of isolates to utilize both 
chemical structures, liner as well as branched, 4T engine oil was used as a substrate.  

 
 

2. Materials and Methodology 
2.1 Isolation of Microorganisms 
Engine oil obtained from Bharat petrol pump. The entire chemical was purchased from 
MERCK. MSM (Minimal Salt Media) media containing 1 g K2HPO4, 1g NH4 NO3, 1 
g KH 2 PO4, 0.02 g CaCl2, 0.05 g FeCl3, 0.2 g MgSO4 was used for serial dilutions to 
determine viable cell counts. For isolation and enumeration of total viable cells MSM 
agar plates were used. Microorganisms used in all experiments were isolated by 
selective enrichment technique. MSM broth was used in enrichment technique 
supplemented with 1% v/v 4T engine oil as an energy source. After one week of 
incubation on rotary shaker at 27ºC and 200 rpm, 10 ml of sample from primary 
enrichment was transferred to a fresh MSM broth. Unless otherwise stated, after 2nd 
enrichment 1 ml of medium was plated after appropriate dilution on MSM agar plate 
and incubated at 27ºC. After 48 hour incubation, pure colonies were isolated by using 
single colony isolation method. Isolated colonies were stored at 4ºC and re-plated at 
MSM agar plates at 3 weeks interval. Bacterial isolates not used in biodegradable 
experiments were mixed with 40% glycerol and stored at 70ºC for future use. The 
initial number of total viable cells in the original sample (before enrichment) was 
determined by serial dilution agar plating procedure. 
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2.2 Biodegradation of 4T Engine Oil in a Biometric System 
 Bacterial inoculation of biometric flask (containing 48 ml minimal salt medium) 
consisted of 1 ml of a 48 hours culture. Hydrocarbon substrate (engine oil) was then 
added to 1% v/v. The sidearm of biometric flask was fitted with 10 ml of 0.1 M KOH 
flask and was incubated at 27ºC, non-shaking. Sample for measuring carbon dioxide 
were taken by syringe in scheduled time periods from a side arm of the flask. The 
evolution of carbon dioxide during microbial utilization of engine oil and organic 
waste was determined by colorimetric titration. The amount of trapped CO2 in KOH 
was accurately titrated after addition of 1 ml of saturated barium chloride and 0.1 ml of 
phenolphthalein with 0.05 M HCl until colorless solution. The control sample 
contained 10 ml of fresh KOH with 1 ml of barium chloride and 1 ml of 
phenolphthalein. The volume of HCl needed for neutralization of the experimental 
KOH was subtracted from the amount of HCl needed for neutralization of the un-
exposed KOH. The difference in milliliters was converted into micromoles of evolved 
carbon dioxide during microbial degradation of hydrocarbons. 

 
2.3 Hydrocarbon Analysis 
The sets of test tubes experiments were designed in order to quantitatively analyze the 
microbial hydrocarbon degradation at GC-MS. The tube containing cultures of bacteria 
and hydrocarbon were incubated during the same time period and in the same 
experimental conditions as biometric flask. Each test tube contained 4 ml of sterilized 
minimal salt medium, 80 µl of microbial inoculums and 50 µl of hydrocarbon 
substrate. The sample extraction was carried out by mixing the entire volume of one 
set tube (approximately 5 ml) with 1 ml of hexane (petroleum fraction). This mixture 
was emulsified by shaking and allowed to resettle for five minutes. The top layer was 
recovered and transformed to a clear vial for further use. Mass spectra as well the 
retention times of standard mixture of hydrocarbons were used to quantify each 
analyte. 

 The GC/MS analysis were performed using a MS 5973 spectrometer coupled to 9 
Hewlett Packard model 6890, with a column ULBON HR-1 which is equivalent to Ov-
1 fused silica capillary (.25 mm x 50 mm) with thickness of 0 .25 micron; 1 ml/min; 
pressure 18.5 psi and split ratio 20%.The initial temperature was 70ºC kept for 5 
minutes with a temperature range of 14ºC per minute and final temperature for 280ºC 
kept for 10 minutes with total running time 30 minutes. The solvent used in analysis 
was hexane (petroleum fraction). 

 Molecular identification 
 Isolation of genomic DNA 
Bacterial isolates were sub cultured in Luria Bertani broth and genomic DNA was 

isolated by employing lysozyme, SDS and phenol-chloroform method followed by 
Wawer and Muyzer 1995. 
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2.5 PCR amplification and sequencing of 16S rRNA genes 
16S rRNA genes of the bacterial isolates were amplified with genomic DNA isolates 
as template and forward and reserve primer in the following composition and 
amplification cycle. Each reaction mixture contained 2μl of template DNA (100ng), 
0.5μM of two primers, and 25μl of Enzyme Master Mix (Bioron). The PCR program 
consisted of initial denaturation step at 94°C for 5min, followed by 30 cycles of DNA 
denaturation at 92 C for 30 sec, primer annealing at 50 C for 1 min, and primer 
extension at 72 C for 2 min was carried out in Thermal Cycler (Thermo Hybrid). After 
the last cycle, a final extension at 72 C for 20 min was added. The PCR products were 
purified by QIA quick PCR purification kit as described by the manufacturer and 
cloned using QIAGEN PCR cloning plus kit as described by the manufacturer. Clones 
were selected and isolated plasmids with insert were sequenced with M13 Sequencing 
Primer using AB I Bio systems automated sequencer. 

 
 

3. Results and Discussion 
Effective method to study the degradation of hydrocarbon by microorganisms is to 
measure the amount of carbon dioxide evolve during utilization of organic compound. 
Respiratory activities of isolated microorganisms were measured during growth on 
addition of 4T engine oil in a biometric flask. The cumulative amounts of CO2 evolved 
during mineralization of 4T engine oil were measured. Carbon dioxide production 
begins after 5 days of inoculation of A. calcoaceticus BD4 and it was rapid for 30 
days. Maximum CO2 evolution (792 µmol) reached after 30 days, followed by a 
slowly decline within next 20 days. Table 1 shows the isolated microorganisms and 
identification of these microbial Strains. 

 
 

Table 1: Isolation and Identification of Microbial Strain. 
 

Samples Enrichment Substrate Cell Count 
PCS- I Original sample 1.3×1010 
 2nd Enrichment 8.3×1010 
 3rd Enrichment 9.4×1010 
PCS –II Original Sample 1.6×109 
 2nd Enrichment 6.4×109 
 3rd Enrichment 7.3×109 

 
 
 
 
 
 
 



Biodegradation of Engine Oil by Acinetobacter Calcoaceticus BD4 239 

 

Table 2 Showing the identified microbial strain 
 

Table 2: Showing morphology of A. calcoaceticus BD4. 
 

Morphology A. calcoaceticus BD4 
  

Convex + 
Opaque + 

  
Colour Y 

  
Diffusible pigment – 
Gram reaction – 
Motility – 

  
Arabinose utilization – 
Fructose utilization – 
Galactose utilization  – 

 
In the present investigation the bacterial samples which were used for the 

experiment also shows a gradual increase in the percentage of 4T engine oil reduction 
(Table-3 ) in the different incubation time (10, 20, 30 ,40 and 50 days). In this study 
84-86 % of 4T engine oil was degraded by A. calcoaceticus BD4. Acinetobacter strains 
are considered one of the most efficient oil degraders (Beshy et al., 2002). Table-3 
represents the CO2 evolved during degradation of 4T engine oil.  

 
 

Table 3: Showing Evolution of CO2 during the 4T engine oil  
degradation by A. calcoaceticus BD4. 

 
Microbial Strain Time/days CO2 evolved (µmol) 
 

A.calcoaceti
cus BD4 

 

10 days 114 
20 days 286 
  
30 days 792 
  
40 days 659 
  
50 days 409 

 
Gas chromatography showed significant differences in the composition of 

hydrocarbons at the end of the experiments.Fig.1 shows GC-MS analysis of engine oil.  
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Fig. 1: Showing GC-MS analysis of Engine oil. 
 

 
 

Fig. 2: Showing GC analysis after addition of A.calcoaceticus BD4 isolated after 50 
days of incubation at 27  2ºC without shaking. 

 
 

 
 

Fig. 3: Showing Biodegradation of 4T engine oil by A.cacoaceticus BD4. 
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The isolation and identification of a 4T engine oil degrading plasmid in this 
Acinetobacter Sp. May have practical application for future cloning studies to 
construct genetically engineered bacteria able to degrade PAHs. The inducibility of 4T 
engine oil degrading enzymes in this Acinetobacter Sp. are consistent with the 
observed inducibility of hydrocarbon-degrading enzymes encoded on plasmids 
containing both structural and regulatory genes in other bacteria (Williams, 1981). 
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